Cell wall b-1,2-oligomannosides are involved in Candida albicans binding to macrophages and in their stimulation to produce cytokines. The nature of signaling events occurring during initial interaction of macrophage J774 cell line and C. albicans, together with the nature of molecules containing b-1,2-oligomannosides released by the yeasts, was examined. Cocultivation led to a herbimycin A -sensitive production of tumor necrosis factor-a. Immunofluorescence and Western blotting confirmed tyrosine phosphorylation and revealed an accumulation of 90-to 120-kDa phosphoproteins. Antibodies specific for b-1,2-oligomannosides showed that these epitopes were shed at an early stage from the yeasts to the macrophage membrane, in association with a glycolipid previously described as C. albicans phospholipomannan. Incubation of macrophages with purified phospholipomannan alone led to a signal transduction pathway identical to that observed with living yeasts. All of these results demonstrate that C. albicans phospholipomannan shedding is involved in C. albicans -macrophage interaction through b-1,2-oligomannosides.
The yeast Candida albicans is a normal component of the produce proinflammatory cytokines, such as tumor necrosis factor-a (TNF-a) [18] . However, the interaction between macendogenous microflora that has emerged as an important opportunistic pathogen [1] . As for true pathogens, extensive research rophages and C. albicans and the sequence of the molecular events that lead to contact and cytokine secretion are poorly has concerned the nature of the molecular interactions that, in initiating the macrophage response to C. albicans, may direct understood. Among the yeast-derived polysaccharides that have been the outcome of the infection [2 -4] . It has been shown that C. albicans was able to trigger macrophage response through the shown to stimulate macrophages [18 -21] , we have identified a glycolipid, the phospholipomannan (PLM) [22] , whose recogubiquitous macrophage mannose receptor [5, 6] : Attachment of yeast to this lectinic receptor for a-linked mannose residues nition was restricted to monoclonal or polyclonal antibodies reacting with b-1,2 -linked mannopyranosyl residues [11, 12 , can lead to the generation of a signal for induction of cytokines, such as granulocyte-macrophage colony-stimulating factor [6] . 15, 22] . The PLM is only found in the most pathogenic strains of Candida, which include C. albicans and Candida tropicalis However, C. albicans exhibits a rare glycobiologic property that concerns its ability to synthesize sequences of mannose [23] , and its synthesis has been shown to involve mannosylation processes different from those leading to the association residues bound through an uncommon anomer type of linkage. After their identification by Shibata et al. [7] , these oligomanof b-1,2-oligomannosides to mannan [24] . C. albicans PLM presents structural homologies [25] with molecules distributed nosides, which correspond to b-1,2-linked mannose residues, have been shown to elicit a specific humoral response [8 -12] over a wide variety of microbial pathogens, including the Leishmania donovani lipophosphoglycan [26] , the Mycobacterium that can protect mice from experimental candidiasis [13, 14] and that appears to be down-regulated in patients infected by tuberculosis lipoarabinomannan [27] , and the so-called ''toxin'' of Plasmodium falciparum [28] . Like these molecules, C. albicans [15] . b-1,2-oligomannosides have been demonstrated to play a major role in the recognition and binding of which contain glycan moieties associated with lipid and phosphorus, the PLM has been demonstrated to be a potent inducer yeasts to macrophage membrane [16, 17] . Furthermore, these sequences of mannose residues can stimulate macrophages to of cytokine synthesis both in vitro [29] and in vivo [25] .
In this study, we investigated the role of PLM during C. albicans -macrophage interaction.
nosides [11] , was provided by A. Cassone [30] . Polyclonal rabbit C. albicans yeast cells or PLM were measured by a lytic assay of the TNF-sensitive mouse fibroblasts, L929, as described [29] . antibody to phosphoproteins (phosphoserine, phosphotyrosine, phosphothreonine) was obtained from Zymed (San Francisco). A Briefly, J774 cells were incubated with C. albicans at a yeast-permacrophage ratio of 50:1. Cell-free supernatants were collected at MAb to phosphotyrosine (clone 4G10, IgG2b isotype) was purchased from Upstate Biotechnology (Lake Placid, NY). Corredifferent times and stored at 080ЊC. In some experiments, J774 cells were incubated for 1 h at 37ЊC in the presence of herbimycin sponding horseradish peroxidase (HRP) and fluorescein isothiocyanate (FITC) conjugates (i.e., goat anti-mouse IgG and IgM, goat A (0.1 and 1 mg/mL) or H7 (10-100 mM) before addition of the yeasts. anti-rabbit immunoglobulin) were obtained from Zymed.
Cell lines. The mouse macrophage-like cell line, J774 L929 cells (2 1 10 4 cells/well in a 96-well culture plate) were incubated for 24 h at 37ЊC in the presence of 50 mL of twice-(ECACC 85011428), is derived from a tumor of a female BALB/ c mouse [31] . It has been shown to possess most of the characterisserially-diluted conditioned supernatants mixed with 50 mL of culture medium containing 6 mg/mL actinomycin D (Calbiochemtics typical of macrophages. Adherent J774 cells were cultured at 37ЊC in 5% CO 2 in culture medium corresponding to Dulbecco's Behring, La Jolla, CA). Cell death was determined by measuring methylene blue coloration of live cells in a microplate reader at MEM (DMEM; Biowhittaker, Verviers, Belgium) supplemented with glutamine (5 mM), streptomycin (100 mg/mL), penicillin (50 520 nm. Extraction procedure and immunoblotting. Cells were washed mg/mL), and 10% fetal calf serum (FCS).
The fibroblast cell line L929 (ECACC 85011425) is a subclone with 500 mL of Tris buffer (10 mM Tris-HCl, pH 7.4, 50 mM NaCl, 5 mM EDTA, 10 mg/mL leupeptin, 5 mg/mL aprotinin, 200 of the parental strain L, which was derived from normal subcutaneous areolar tissue [32] . Adherent cells were maintained at 37ЊC in mM phenylmethylsulfonyl fluoride, 1 mM Na 3 VO 4 ). The cultures were then immediately extracted with 250 mL of boiling 21 con-5% CO 2 in culture medium supplemented with 5% FCS.
C. albicans. The VW32 strain of C. albicans (serotype A) was centrated electrophoresis sample buffer (SB; 11 corresponding to 125 mM Tris-HCl, pH 6.8, 2% SDS, 5% glycerol, 0.003% used throughout the study [22] . Before experiments, the yeast cells were grown on Sabouraud dextrose agar for 24 h at 28ЊC [33, 34] , bromophenol blue, and 1% b-mercaptoethanol). Samples containing the extracted material were then boiled for 5 min and washed twice with phosphate buffer (10 mM PO 4 , pH 7.4), and suspended at the appropriate concentration in DMEM containing centrifuged for 5 min at 12,000 g in a microcentrifuge to remove insoluble material. Extracted material (25 mL) was separated on 10% FCS.
C. albicans PLM. The C. albicans PLM was purified from 5%-15% SDS-PAGE before electrophoretic transfer to a nitrocellulose membrane (Hybond ECL; Amersham, Amersham, UK) for yeast cells as described [22] . Briefly, yeast cells were suspended in PBS and broken by two consecutive runs in a French pressure 1 h at 400 mA in a semidry transfer system. After staining with 0.1% Ponceau S in 5% acetic acid to confirm equivalence of loadcell at 1400 kg/cm 2 . Cell extracts containing cell wall and cell membranes were then dialyzed for 48 h and lyophilized. These ing and transfer, the membrane was blocked through incubation with TNT (Tris, 10 mM, NaCl, 100 mM, Tween, 0.1%) containing cell extracts were treated three times at 20ЊC with 100 mL of chloroform-methanol (2/1) to remove lipids and phospholipids. 5% bovine serum albumin (BSA) for 1 h at 20ЊC. Antigens expressing b-1,2-linked oligomannosides were detected by probing the Then, the extracts were treated in the same conditions with chloroform-methanol-water (C/M/W) (10/10/1) to remove the less polar blot with the MAb AF1 (1:2000 dilution) in TNT containing 0.5% BSA (TNT-BSA). The MAb was incubated with the blot for 2 h glycolipids and finally with C/M/W (10/10/3) to remove the more polar glycolipids. After C/M/W extraction, the material was dried at 20ЊC. After several washings, the membrane was incubated for 1 h at 20ЊC with HRP-conjugated goat anti-mouse IgM (1:2000 in a speedVac concentrator and subjected to three butanol-water partitions. The water phase was dried and purified by preparative dilution in TNT-BSA). After additional washings, the blots were developed on hyperfilm ECL using the enhanced chemiluminesthin-layer chromatography using C/M/W (10/15/5) as a solvent. The PLM sugar concentration was then assessed by the phenol cence detection system (ECL kit; Amersham). Anti-phosphotyrosine immunoblotting. After stimulation of sulfuric method [22] . PLM preparations routinely contained õ0.2 EU/mL endotoxin as determined by limulus test. This amount J774 cells with either C. albicans or PLM, the reaction was stopped by rinsing the cells with 1 mL of cold PBS containing 1 mM of endotoxin was 10,000-fold lower than the endotoxin activity measured in a lipopolysaccharide (LPS) reference preparation conNa 3 VO 4 . Cells were then lysed with 250 mL of SB supplemented with 100 mM Na 3 VO 4 and 100 mM NaF. Detergent-soluble protaining 1 mg/mL.
Coculture of yeasts with mammalian cells. Before experiteins were boiled for 5 min at 100ЊC, and insoluble material was removed. The protein concentration in the extract after ethanol ments, cells were gently scraped with a rubber policeman (J774 cells) or trypsinized (L929 cells) and plated onto 24-or 48-well precipitation was determined by using the Bio-Rad protein assay (Bio-Rad, Richmond, CA). Total extract (50 mg) was electrophotissue culture dishes (for biochemical analysis) or onto 8-well LabTek tissue culture chambers (Nunc, Naperville, IL) for immunoresed on 8% SDS-PAGE before electrophoretic transfer to nitrocellulose membrane (Hybond ECL) as described above. The memfluorescence assays. After 18 h of culture, the adherent cells were washed with culture medium and incubated at 37ЊC in 5% CO 2 brane was then blocked, and proteins were probed for 1 h at 20ЊC with rabbit anti-phosphoprotein antibody (1:3000 dilution) with several yeast concentrations. After incubation for various periods of time, the cell cultures were washed with warm DMEM in TNT-BSA. After extensive washing for 30 min, the membrane was incubated for 1 h at 20ЊC with HRP-conjugated goat antito remove nonadherent yeast cells and prepared for biochemical or immunofluorescence analysis.
rabbit immunoglobulin (1:3000 dilution in TNT-BSA). After the washing, blots were developed as described above. In some experi-TNF-a production by stimulated J774 cells. TNF-a concentrations in cell-free supernatants of J774 cells stimulated with either ments, membranes were also probed with mouse anti-phosphotyro-/ 9d50$$se13 07-14-98 00:26:37 jinfa UC: J Infect In some experiments, cells were incubated for different periods tached yeasts. After a 5-min washing with 400 mL of PBS containing 1 mM Na 3 VO 4 , cells were permeabilized with 3.7% formaldehyde and 0.2% triton in phosphate buffer at 20ЊC for 15 min. among three to five other independent experiments. Statistical sigAfter five washings with phosphate buffer, 100 mL of a 1/100 nificance was examined by analysis of variance. P õ .05 was dilution of MAb 4G10 in phosphate buffer was added for 1 h at considered significant. 20ЊC. After five washings, 100 mL of a 1/100 dilution of FITCconjugated goat anti-mouse IgG in phosphate buffer supplemented with 1/25 Evans blue was added for 1 h at 20ЊC. Slides were Results then washed five times and mounted for fluorescent microscopic examination. significantly (n Å 3, P õ .05, compared with cells incubated from yeasts as above with some modifications. Extracts (100 mL) in the absence of yeast) stimulated the macrophage cells to were precipitated with 400 mL of ethanol for 20 h at 4ЊC to elimiproduce TNF-a, which reached a maximum corresponding to nate SDS. After centrifugation at 13,000 g for 15 min, the pellets 1.4 { 0.6 ng/mL after 4 h of coculture (figure 1). The addition were dissolved in 150 mL of water and mixed with 1 mL of of PTK inhibitor herbimycin A inhibited this stimulation in a chloroform/methanol (vol/vol) (final proportions: C/M/W, 10/10/ 3) and sonicated. After centrifugation at 13,000 g for 15 min, dose-dependent manner, so that a total inhibition of TNF-a the supernatants were desiccated and subjected to butanol-water synthesis (n Å 3, P õ .05) was obtained when the cells were partitions and Western blot analysis to assess identity of the expreincubated with 1 mg/mL herbimycin A. In contrast, pretreattracted material, with the PLM defined as described for ''princeps'' ment of the cells with H7, a protein kinase C and A inhibitor, [22] .
C. albicans -induced TNF-a production by macrophages in-
at a dose that did not alter cell adherence or cell viability (50 Densitometry. Autoradiograms were scanned and densitomemM), did not reduce TNF-a production (data not shown). 4G10 against J774 cells that had been incubated with yeasts.
J774 cells with yeasts was not related to the presence of yeasts within the cells (see above), we analyzed the C. albicans antiAs shown in figure 2, MAb 4G10 strongly reacted with J774 cells incubated with yeast. However, not all of the cells were gens released during coculture. As most of the C. albicans molecules described to date as able to trigger macrophage activrevealed by the MAb and only 10% -20% of the J774 cells were highly stained after 30 min of incubation with the yeast.
ities contain b-1,2 -linked oligomannosides [19 -21, 29 , 35], we examined in an indirect immunofluorescence assay the efIt is of note that staining was not directly related to the presence of yeasts within the cells ( figure 2, inset) .
fect of coculture on the release of the b-1,2 -linked oligomannosidic epitopes by the yeasts. After the plating of J774 cells, This PTK-dependent signal transduction was confirmed when we analyzed the reactivity of anti-phosphoprotein antiyeast cells were added, and incubation was done at 37ЊC for different times (from 10 to 30 min). Figure 4A shows that after bodies against extracts from J774 cells incubated with yeasts. Increased phosphorylation of several proteins was observed, 10 min, the MAb detected a strong reactivity associated with the yeast cell wall and a weak reactivity that localized on the which depended on the amount of yeasts used for coculture ( figure 3 ). An accumulation of phosphoproteins was clearly macrophage membrane. After 30 min of incubation, b-1,2-oligomannosidic epitopes were strongly associated with macroevidenced by using the polyclonal anti-phosphoprotein serum, in the extracts from J774 cells incubated for 30 min with the phage plasmalemma ( figure 4B ), in the absence of yeasts within the cells ( figure 4C ). yeast cells ( figure 3A) . It involved mainly proteins with relative molecular masse in the range of 90 to 120 kDa (figure 3A,
PLM is a major cell surface component expressing b-1,2 -linked mannose epitopes. Next, we examined in enhanced lanes 2, 3) and, to a lesser extent, several proteins with low molecular masses (cf. lanes 2 and 3). Similar results were chemiluminescence -Western blots the nature of the antigens expressing b-1,2-oligomannoside epitopes released by C. albiobtained with MAb 4G10, which recognized specifically phosphorylated tyrosine residues (figure 3B). However, in this case, cans. As a control, we first applied our extraction method to yeasts grown on Sabouraud agar for 24 h at 28ЊC, washed, and only some of the proteins recognized by the polyclonal antibody (corresponding to the major bands) reacted with the MAb suspended in culture medium containing 10% FCS. Yeast cells were transferred into a polypropylene tube (10 7 cells in 250 4G10. These molecules included those with molecular masses ranging between 90 and 120 kDa, a 60-kDa molecule, and one mL) and incubated for 30 min at 37ЊC. When the cells were pelleted and extracted, three main antigens presenting b-1,2 -low-molecular-mass protein of 30 kDa.
Antigens containing b-1,2 -linked mannose residues are linked mannose residues were detected (figure 5A). They corresponded to high-molecular-mass mannoproteins ú200 kDa, shed during coculture of C. albicans with macrophages. Since the signal transduction observed after the incubation of whose presence in the mannan and reactivity with anti -b-1,2-/ 9d50$$se13 07-14-98 00:26:37 jinfa UC: J Infect oligomannoside -specific MAb have already been shown [11, 22 -24] ; a glycoprotein of Ç170 kDa; and a molecule presenting a migration pattern identical to that of PLM [22] . Changes in serum concentrations in the culture did not significantly alter the profiles of the molecules recognized by the anti -b-1,2-oligomannoside MAb (data not shown).
We then examined the effect of different adhering substrates on the recovery of these molecules. Different concentrations of yeast cells were first cultured in culture medium containing 10% FCS in 24-well culture plates in the absence of mammalian cells (figure 5B). After three washings, plastic-bound com- cf. lane 1 with lanes 2, 3) . In contrast, when J774 cells were of PLM to the macrophage plasma membrane occurred after 10 min of incubation (figure 7A), and the staining intensity used to cover the wells, larger amounts of the PLM-like molecule could be detected in the adhering material (figure 5C, J774 increased with time ( figure 7B ).
PLM and C. albicans induce comparable signal transduction cells).
Densitometry analyses showed that this PLM-like molecule in J774 cells. We then investigated whether, by using PLM extracted from C. albicans yeasts, we could reproduce the release occurred as early as 10 min after contact of yeast cells with the J774 cells and increased in relation with time up to a signal transduction observed when live C. albicans yeast cells were in the presence of J774 cells. The reactivity of antimaximum obtained after 30 -60 min of incubation (figure 6A). At a given time (10 min), the amount of PLM-like molecule phosphoprotein antibodies to extracts of J774 cells incubated with PLM displayed a pattern of reactivity similar to that evireleased depended on the amount of yeasts incubated with the cells ( figure 6B) . denced when C. albicans yeasts releasing PLM acted as a signal for these cells. MAb 4G10 revealed the major proteins, Purification procedures, consisting of graded chloroformmethanol-water extraction followed by butanol-water partition, of 90 -120 kDa, but also a small reactivity for bands of Ç30 kDa ( figure 8 ). An additional band of 150 kDa, for which which have led to C. albicans PLM princeps description [22] , were applied to extracts containing PLM-like molecules to accumulation could not be clearly established with yeast-cell coculture, was revealed when large amounts of PLM were used verify the PLM nature of the released molecule. The two molecules were found identical on the basis of electrophoretic moto stimulate the cells. It is worth noting that as with the yeasts, reactivity of antibody to the different phosphoproteins did not bility and biochemical and immunochemical properties (data not shown).
depend directly on the concentration of PLM and that the accumulation of low-molecular-mass phosphoproteins appeared to PLM isolated from C. albicans binds to J774 cells. We examined whether PLM extracted from C. albicans could precede the appearance of high-molecular-mass molecules. mimic the immunofluorescence patterns observed after coculture of yeasts with cells. As shown in figure 7 , when J774 cells Discussion were incubated in the presence of PLM, the immunofluorescence pattern was similar to the one we observed when J774
Although less efficient in killing C. albicans than are neutrophils [36] , macrophages play an important role in host suscepticells were cocultured with yeast cells (cf. figure 4) . Binding / 9d50$$se13 07-14-98 00:26:37 jinfa UC: J Infect bility to disseminated candidiasis [37, 38] by regulating the but recent evidence has demonstrated its presence within the cell wall mannan of C. albicans [44] . PLM presents the distincimmune response through the secretion of cytokines, chemokines [6, 39] , and arachidonic acid derivatives [40, 41] . Several studies tive feature of having a polysaccharidic moiety that contains high amounts of b-1,2 -linked oligomannosides [11, 25] in the have been undertaken to investigate the role of C. albicans cells in the stimulation of the macrophages. Up to now, attachment absence of accessible a-linked mannose residues [22, 24] . In C. albicans, these b-1,2-oligomannosides may also be present, of yeast to the macrophage membrane has been shown to be sufficient to stimulate these cells to produce either arachidonate together with a-mannose residues, on several other cell wall molecules. These include the mannan, in which b-1,2-oligoderivatives [40] or cytokines [6] through a lectin system that involves mainly a-mannose residues and macrophage mannose mannosides were structurally identified for the first time by Suzuki et al. [45] as the ''mannan phosphate -bound acid-labile receptors. Blasi et al. [42] , using the macrophage cells ANA-1, showed that in the absence of phagocytosis, only hyphal forms oligomannosides'' and were subsequently characterized as the Candida antigenic factor 5. b-1,2-oligomannosides also conwere able to induce high levels of TNF-a. In other studies, intracellular germination appeared to be a critical event for the tribute to the glycan moiety of the MP65, a mannoprotein described as a main target of anti-Candida cell-mediated imstimulation of the cells to produce cytokine [43] . However, the exact nature of the C. albicans cell wall molecules involved in mune responses in humans [46] , whose release during C. albicans in vitro culture has already been described [34] . Experithe early mechanism of the signal triggered in macrophages after contact has not been deeply investigated yet. The purpose of mental evidence gained in both ex vivo [16] and in vitro [17] models has suggested that sequences of b-1,2 -linked mannose this study was to examine the initial molecular events involved during the stimulation of macrophages by C. albicans cells to residues are involved in the binding of C. albicans to the macrophage membrane. By using in vitro models, it has been shown produce proinflammatory cytokines. Particular attention was paid to the possible involvement of the C. albicans PLM [22] , that recognition of b-1,2-oligomannosides involved a lectin system that was independent of the one involved in the binding a molecule that has been demonstrated to stimulate macrophage secretory functions both in vitro [29] and in vivo [25] .
of a-linked oligomannosides [17, 47] , that is, the macrophage mannose receptor [48] . PLM is a phosphoglycan that is synthesized only by the most pathogenic Candida species, C. albicans and C. tropicalis
In this study, we show that during the initial contact between C. albicans and the macrophage, high amounts of b-1,2-oligo- mannosides are released through major shedding of PLM. This process is quick, since significant amounts of PLM were already detected after 10 min of contact. The specificity of PLM release related to macrophage contact has been investigated through a series of controls of our experimental conditions. These have shown that in the liquid culture medium, cell surface extraction of C. albicans showed three major families of mannoglycoconjugates expressing b-1,2-oligomannosidic epitopes, high-molecular-mass polydispersed mannoproteins al- resulting from the encounter of C. albicans with a solid substrate and that its intensity may depend on the nature of the binding surface. This hypothesis is coherent with the recent demonstration of secretion of PLM in the intercellular matrix during late developmental stages of C. albicans colonies grown on agar [25, 49] and of the existence of PLM within the yeast cell wall mannan [44] . Whatever the nature of signal(s) leading / 9d50$$se13 07-14-98 00:26:37 jinfa UC: J Infect to PLM secretion or excretion by C. albicans, it is of particular a binding process involving CD14 and LPS-binding protein [58] and effective on undifferentiated monocytes [59] . On the pathophysiologic significance that this phenomenon intensely occurs during contact of C. albicans with macrophages. Both other hand, both PLM and the b-1,2-oligomannosides expressed on its polysaccharidic moiety stimulate TNF-a producthe timing of PLM recovery and immunofluorescence analysis, which revealed the presence of antigens presenting b-1,2-oligotion only from matured cells of the monocytic lineage [17, 18, 25, 29] through the possible involvement of a specific receptor mannosides at the membrane of macrophages even in the absence of phagocytosed yeasts (see figure 2), were arguments different from the CD14 [47] . Moreover, involvement of events different from those implied in the LPS-dependent activation against a role for endocytosis and subsequent yeast antigen processing to gain this staining. Adsorption of PLM onto machas already been suggested concerning induction of macrophage TNF-a by C. albicans [60] . Although the membrane rophage membrane, evidenced in this live model by both Western blot and immunofluorescence assay, was also confirmed lectin system binding b-1,2-oligomannosides in activated macrophages has not been fully characterized yet [47] , it is notable by the same methods after the use of PLM extracted from C. albicans. All of these observations made by using a MAb that TNF-a production induced by b-1,2-oligomannoside was inhibited by herbimycin A [35] . This is in agreement with a specific for b-1,2-oligomannoside are in agreement with the previous conclusion that macrophages [16, 17] , including J774 possible involvement of the receptor for these residues in the initiation of the signal induced by PLM and yeasts. cells [17] , were able to bind b-1,2 -linked oligomannosides. Interestingly, some immunofluorescence patterns suggested the Our overall results show for the first time that following contact with macrophages, C. albicans cells release large quanpresence of PLM-containing vesicles within macrophages. Experiments are in progress to examine whether this glycolipid, tities of a glycolipid, which binds to the macrophage membrane and induces a strong phosphotyrosine-dependent signal translike the bacterial LPS [50] , could be endocytosed following its binding to the macrophage membrane.
duction and TNF-a secretion. Such signaling events induced in host cells by shedding of glycolipid molecules have only Although TNF-a production by macrophages after stimulation by C. albicans or C. albicans -derived molecules has been been described up to now in eukaryotes for obligatory parasitic protozoa such as P. falciparum or Leishmania or Trypanosoma extensively documented, the nature of the transduction pathways involved in these processes has not been determined yet.
species [61] . In these species, glycosylphosphatidylinositol-related molecules or glycosylinositolphospholipids are released Our Western blot experiments have shown that after a 30-min contact with either C. albicans cells releasing PLM or C.
from the parasitic surface and disturb host cell functions. These mechanisms are considered as contributing to parasitic adaptaalbicans PLM, three major arrays of macrophage proteins (90 -120 kDa, 60 kDa, and 30 -35 kDa) were phosphorylated. Retion [61] . The molecular interactive mechanisms evidenced here, triggered by contact in both C. albicans and macrophages, sults obtained on the same blot with MAb 4G10, whose specificity is restricted to phosphotyrosine, have then shown that in fit with these models of more general pathophysiologic interest in infectious diseases. This interest is also, more pragmatically, each of these three families of macrophage proteins, a tyrosine kinase was at least partly involved. Participation of tyrosine sustained by the recent evidence gained that b-1,2-oligomannosides, the major sugars of the PLM polysaccharidic moiety phosphorylation in the stream of signal transduction from the membrane to the nucleus was confirmed both by the intense [22] , support an antibody response [11, 12, 62] that protects mice against experimental candidiasis [13] and is down-reguimmunofluorescent staining of the J774 cells by the 4G10 MAb after they had been incubated with the yeasts and by the dralated in patients infected by C. albicans [15] . matic inhibition of yeast-induced TNF-a production after treatment with the PTK inhibitor herbimycin A [51, 52] . Several
